Alkaline elastase YaB is an extracellular serine protease of the alkalophilic Bacillus strain YaB. We cloned the structural gene, ale, and determined the nucleotide sequence. The mature enzyme (268 amino acids) was preceded by a putative signal sequence and a prosequence (27 and 83 amino acids, respectively). The mature enzyme was 55 % homologous to subtilisin BPN'. Almost all the positively charged residues are predicted to be on the surface of the molecule, which would facilitate binding to elastin. The P1 substrate site-related sequences differed between alkaline elastase YaB and subtilisin BPN'.
To identify enzymes that digest elastin efficiently, we screened for microbial enzymes among alkalophilic bacteria, because local denaturation of elastin under alkaline conditions might facilitate its enzymatic digestion. Alkaline elastase YaB secreted by the alkalophilic Bacillus strain YaB was thus selected and purified (25) . The enzyme was characterized as a serine protease of about 25,000 daltons. Chemical modification studies revealed that certain histidine and tyrosine residues are involved in the enzymatic activity (21) . The enzyme has the peculiar characteristic of a very high optimum pH for digestion of casein and elastin and an elastolytic activity comparable to that of porcine pancreatic elastase (25) . The substrate specificity was examined by cutting oxidized insulin A and B chains (23) and by using synthetic peptide substrates (24) . The enzyme has a P1 substrate preference for Ala, in contrast to that of subtilisin BPN' for Tyr, and it efficiently hydrolyzes succinyl-AlaAla-Ala-p-nitroanilide, a specific substrate of porcine elastase (24) . Furthermore, the enzyme binds to elastin below its isoelectric point (pl 10.6) (22) . These features encouraged us to characterize the enzyme as a microbial elastase.
To determine the molecular mechanism of the extremely high optimum pH and high elastolytic activity of the enzyme, we cloned the structural gene and analyzed its nucleotide and deduced amino acid sequences.
Bacillus subtilis DB104 (nprEI8 nprR2 AaprE3 his-101) (9) has lesions in the structural genes for neutral and alkaline proteases and was a gift from Roy H. Doi and Fujio Kawamura. Escherichia coli MC1061 and JM109 were used as the host strains for cloning. All bacterial strains were propagated at 37°C in nutrient broth (Eiken Chemical Co., Tokyo, Japan) or Luria broth (11) with vigorous aeration or on media solidified with 1.5% agar. Media were s pplemerted with 100 p.g of ampicillin per ml, 10 ,ug of kana.nycin pei :nl, or 20 .'g of tetracycline per ml when necessary. pL"U18 and pHY300PLK were purchased from Takara Shuzo Co. (Kyoto, Japan).
To detect the production of alkaline elastase, elastin plates and skim milk plates were used. Elastin plates were made by overlaying 5 The ale gene encodes a 378-amino-acid polypeptide, including a 110-amino-acid preprosequence. In the case of subtilisin E, the signal peptide (presequence) was reported to be cleaved between amino acids 29 and 30 (29) . The sequence around the cleavage site is Ala-Gln-Ala*Ala-Gly; the signal peptide is cleaved at the asterisk. A corresponding sequence, Ala-Gln-Ala*Ala-Glu, was found in the preregion (residues 25 to 29) of alkaline elastase YaB. Ten amino acids from the cleavage site of the signal peptide, a sequence, Tyr-Leu-Ile-Gly-Phe-Lys, similar to the common sequence for subtilisins, Tyr-Ile-Val-Gly-Phe-Lys (8) ever, the possibility of secondary processing at the Ndaltons. The amino acid compositions also coincided well terminal portion could not be eliminated. between the deduced and previously determined values. We
In our previous studies, alkaline elastase YaB was comhave not determined the N-terminal amino acid of the pletely inactivated by diisopropylfluorophosphate and inhibmature enzyme secreted by B. subtilis carrying the ale gene.
ited by several chloromethyl ketones (2) , suggesting that Ser The autocatalytic activation of the prosubtilisin BPN' was and His act at the catalytic center. The charge relay system suggested by the modification of Asp-32 to Asn-32 in an triad at the catalytic center of subtilisin BPN' is composed of engineered subtilisin (14) . If this is the case, alkaline elastase Asp-32, His-64, and Ser-221 (1). Among subtilisins and
YaB would have the same N-terminal amino acid as that of alkaline elastase YaB, these residues are highly conserved, the enzyme secreted by Bacillb.s strain YaB when the and amino acid sequences around these residues are also structural gene is introduced into B. subtilis. Considering B.
well conserved. Alkaline elastase YaB rapidly hydrolyzes an elastasespecific substrate, succinyl-Ala-Ala-Ala-p-nitroanilide (24 I (10) . This deletion should also influence P1 specificity. Aqualysin I preferentially hydrolyzed Ala esters and showed some elastolytic activity (12) .
Another feature of alkaline elastase YaB is the high isoelectric point (pl 10.6 ). According to the postulated three-dimensional structure, almost all positively charged residues are located on the surface of the molecule. Under neutral and alkaline conditions, the surface of the molecule would thus be positively charged; those of elastin molecules are negatively charged. According to previous results (13, 19) , the binding of elastases to elastin through electrostatic interactions is a prerequisite for effective digestion of elastin. Alkaline elastase YaB is substantially adsorbed to elastin below the isoelectric point (22) . Alkaline elastase YaB has a considerably higher isoelectric point than the 7.8 of subtilisin BPN'. The stronger binding due to the higher isoelectric point and the P1 substrate specificity cooperatively characterize our enzyme as an elastase which shows a 17-timeshigher elastolytic activity on the basis of the elastin/casein digestion ratio than that of subtilisin BPN' (22) .
